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® Headphone device. 

@ With a headphone device (10) of the present 
invention, a pair of signal sensors (5L, 5R) sensing a 
signal for detecting an information concerning a turn- 
ing angle of the listener's head relative to a sound 
source (1 1 ), with a main headphone body (1 , 2L, 2R) 
attached to the listener's head (M) are mounted on 
the main headphone body (1, 2L, 2R) by means of 
supporting units (3L, 3R) and the signal sensors (5L. 



5R) are supported at spaced apart positions from the 
main headphone body (1 , 2L, 2R), so that the signal 
sensors (5L, 5R) sense the information concerning 
the turning angle of the listener's head (IVI) satisfac- 
torily to realize stable detection of the information 
concerning the tuming angle of the listener's head 
(M). 
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Technical Field 

This invention relates to a headphone device 
for binaural reproduction of acoustic signals. 

Background Art 

For reproducing acoustic signals, with the use 
of a pair of headphone units which, on being at- 
tached to a listener's head, are supported in the 
vicinity of listener's auricles, as in the case of a 
headphone device adapted for reproducing acous- 
tic signals by a headphone unit, there is so far 
known a binaural system as a method for optimiz- 
ing a sound image sense or direction feeling or an 
external stationary sound image feeling. 

With an acoustic reproducing system of the 
binaural system, acoustic signal reproduced by the 
headphone device are previously processed in a 
predetermined manner, as described for example 
in Japanese Patent Kokoku Publication No. 53-283 
(1978). 

The sound image sense feeling or the external 
fixed sound image feeling its determined by sound 
volume difference, timing difference or phase dif- 
ference between the sound heard by the left ear 
and that heard by the right ear. 

The above mentioned signal processing is 
such a signal processing in which, when the acous- 
tic sound is to be reproduced by speaker devices 
arranged at a distance from the listener, the acous- 
tic effect equivalent to those produced by reflection 
or diffraction in the vicinity of the listener's head or 
the difference in the distance between the sound 
source or the speaker devices and the listener's 
left and right ears will be produced in an acoustic 
output reproduced by the headphone devices. 
Such signal processing is performed by con- 
volutional integration of an impulse response cor- 
responding to the acoustic effects or acoustic sig- 
nals for left and right ears. 

It is noted that, when the acoustic sound is to 
be reproduced by the speaker devices arranged at 
a distance from the listener, since the absolute 
position of the sound image remains unchanged 
even If a listener should make bodily movements 
or turn his head, the relative sense and position of 
a sound image felt by the listener are changed. On 
the contrary, when the acoustic sound is to be 
reproduced by the binaural system using the head- 
phone device, since the headphone device is rotat- 
ed with the listeners head when the listener turns 
his head, the relative sense and position of the 
sound image felt by the listener are not changed. 

In this manner, In case of binaural reproduction 
by the headphone device, since a sound field is 
produced within the listener's head by the dif- 
ference In the shifting state of sound Image relative 



to changes in the sense of the listener's head, it 
becomes difficult to fix a sound image ahead of the 
listener. Besides, the forward sound image tends to 
be raised in Its position. 

5 Heretofore, as described in Japanese Patent 

KOKAI Publication No. 42-227 or Japanese Patent 
Kokoku Publication No. 54-19242, there is pro- 
posed an acoustic signal reproducing system in 
which, by detecting changes in the sense of the 

10 listener's head, and changing the state of the signal 
processing based on the detected results, a sat- 
isfactory forward fixed sound image feeling may be 
obtained in the headphone device, with this type of 
the acoustic signal reproducing system, a sense 

75 detection unit, such as a so-called gyrocompass or 
a magnetic needle, is attached to the listener's 
head. On the basis of the detected results by said 
sense detection unit, a delay circuit or the afore- 
mentioned level adjustment circuit processing 

20 acoustic signals is controlled to produce a sound 
field feeling similar to that produced in acoustic 
reproduction by speaker devices arranged at a 
distance from the listener. 

Meanwhile, with a conventional binaural repro- 

25 ducing system in which the sense detecting unit 
such as the gyrocompass is provided in the head- 
phone device, by controlling the contents of the 
signal processing of the acoustic signals as a func- 
tion of changes in the sense of the listener's head, 

30. a satisfactory fixed sound image feeling may be 
acquired, as a principle, insofar as the listener 
remains at a predetermined position. 

However, since the sense detecting device for 
detecting changes in the sense of the listener's 

35 head becomes large in size and weight, the con- 
struction necessarily needs to be of a stationary 
type with the fixed listening position. 

That is, the sense detection device, such as a 
gyrocompass, is too large in size and weight to be 

40 attached to the listener's freely mobile head, and is 
not practically usable with a-portabl€L type head- 
phone device. 

On the other hand, if the listener should make 
bodily movements, the sound image is also shifted. 

45 so that there results an unspontaneous fixed sound 
image feeling. 

When the listener approaches a sound source, 
such as a speaker device, the round pressure level 
is usually increased. On the other hand, since the 

50 sound source, such as a speaker device, has direc- 
tivity, the effects of directivity are demonstrated by 
the listener's bodily movements. This gives rise to 
an outside fixed sound image feeling. 

It Is an object of the present invention to pre- 
ss vide a headphone device having a head turning 
angle detecting function whereby changes in the 
sense of the listener's may be detected quickly, 
accurately and stably. 
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DISCLOSURE OF THE INVENTION 

The present invention provides a headphone 
device as described in claim 1. 
With the headphone device according to the 
present invention, the signal sensor means always 
receive signals detecting the information concern- 
ing the turning angle of the listener's head in good 
conditions for stably detecting the Information con- 
cerning the turning angle of the listener's head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing schemati- 
cally the construction of an acoustic signal re- 
producing apparatus according to the present in- 
vention. 

Fig. 2 is a timing chart schematically showing 
the state of signals supplied to a processing device 
of the acoustic signal reproducing apparatus. 

Fig. 3 is a diagrammatic view showing the 
distance and the angle calculated by the process- 
ing device of the acoustic signal reproducing ap- 
paratus. 

Fig. 4 is a plan view showing the relative dis- 
position between an imaginary sound source and 
the listener for illustrating the operation of binaural 
reproduction by the acoustic signal reproducing 
apparatus. 

Fig. 5 is a cross-sectional view for one channel 
showing the basis construction of the headphone 
device employed in the acoustic signal reproducing 
apparatus. 

Fig. 6 is a block diagram showing schemati- 
cally a modified construction of an acoustic signal 
reproducing apparatus according to the present 
Invention. 

BEST EMBODIMENT FOR PRACTICING THE IN- 
VENTION 

An acoustic signal reproducing apparatus ac- 
cording to a first embodiment of the present inven- 
tion, shown in Fig. 1. includes a headphone device 
10, attached to a user's head M by a head band 1 
and adapted for supporting a pair of headphone 
units 2L, 2R In the vicinity of user's left and right 
auricles, respectively. 

Sliders 4L, 4R. provided with supporting arms 
3L, 3R, respectively, are slldably attached to the 
head band 1 of the headphone device 10. A pair of 
signal sensors 5L, 5R for sensing position detect- 
ing reference signals sent out from a reference 
signal source 1 1 are provided on the distal ends of 
the supporting arms 3L, 3R, respectively. That is, 
the signal sensors 5L, 5R, thus provided at the 
distal ends of the supporting arms 3L. 3R mounted 
upright on the sliders 4L. 4R slidably mounted on 
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the head band 1, are supported by the supporting 
arms 3L, 3R at a position removed from a main 
headphone body constituted by the head band 1 
and the headphone units 2L, 2R. 
5 In the present embodiment, the reference sig- 

nal source 1 1 is constituted by an ultrasonic signal 
source 12 and an ultrasonic speaker 13 sending 
out ultrasonic signals from the ultrasonic signal 
source 12 as reference signals. Ultrasonic micro- 

10 phones are employed as the signal sensors 5L, 5R 
adapted for sensing the reference signals. 

The ultrasonic waves transmitted from the ul- 
trasonic speaker 13, that is the position-detecting 
reference signals, are ultrasonic waves adapted to 

75 enable phase detection, such as burst waves in 
which ultrasonic waves of a predetermined level 
are intermittently transmitted at a predetermined 
time interval, as shown in Fig. 2A, or a so-called 
level modulated wave, in which the signal level is 

20 fluctuated in a predetermined manner at a pre- 
determined time period. 

The signal sensors 5L, 5R, provided at the 
headphone device 10, sense the position-detecting 
ultrasonic reference signals, transmitted from the 

25 ultrasonic speaker 13. to output detection signals 
having time delay corresponding to the relative 
position between the listener and the ultrasonic 
speaker 13, as shown in Figs. 38 and 3C. 

The signal sensors 5L, 5R are provided at the 

30 distal ends of the supporting arms 3L, 3R mounted 
upright on the sliders 4L, 4R slidably mounted on 
the lead band 1 and, with the head band 1 and the 
headphone units 2L, 2R, that is the main head- 
phone body, being attached to the user's head, are 

35 supported by the supporting arms 3L, 3R at posi- 
tions removed from the main headphone body, so 
that, even when the user moves his body or turns 
his head, the signal sensors are not in the shade of 
the user's head, and are able to receive ultrasonic 

40 waves transmitted from the ultrasonic speaker 13 
satisfactorily to sense the position-detecting refer- 
ence signals stably and accurately. On the other 
hand, the signal sensors 5L, 5R may be adjusted to 
optimum positions for sensing the position-detect- 

45 ing reference signals by sliding the sliders 4L, 4R 
along the head band 1. Since the position of the 
headphone units 2L, 2R, attached by the head 
band 1 to the listener's head M so as to be 
supported in the vicinity of the listener's left and 

50 right auricles, depends on the size and the shape 
of the user's head and differs from user to suer. 
Therefore, the position of the signal sensors 5L, 5R 
needs to be adjusted so as to be in meeting with 
the positions of the headphone units 2L, 2R. 

65 Meanwhile, although the signal sensors 5L, 5R 

are provided at the distal ends of the supporting 
arms 3L, 3R mounted upright on the sliders 4L, 4R 
slidably mounted on the head band 1 of the main 

4 
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headphone body, the signal sensors 5L, 5R nnay 
also be mounted on a housing of the headphone 
units 2L, 2R by means of supporting members so 
as to be supported at some distance from the main 
headphone body mounted on the listener's head. 
Instead of adjusting the position of the signal sen- 
sors 5L, 5R by sliding the sliders 4L, 4R, the 
supporting arms 3L, 3r may be pivotally supported 
at the proximal ends thereof so as to be pivoted in 
a di recti on shown by an arrow X in Fig. 1 for 
adjusting, the supporting arm positions, or alter- 
natively, the signal sensors 5L, 5R per se or the 
supporting arms 3L, 3R may be supported such as 
by bearing means, so as to be pivoted in a direc- 
tion shown by an arrow Y in Fig. 1, for adjusting 
the orientation of the signal sensors 5L, 5R in 
association with di rectivity of the ultrasonic speak- 
er 13. 

The sensed signals from the signal sensors are 
transmitted to a processing unit 14. 

The processing unit 14 includes first and sec- 
ond edge detection circuits 15, 16, supplied with 
the sensed position-detecting reference signals 
from the signal sensors 5L, 5R, and a third edge 
detection circuit 17 supplied with ultrasonic signals 
from the ultrasonic signal source 12, that is the 
position-detecting reference signals. 

The first and second edge detection circuits 
15, 16 detect the falling edges of the sensed sig- 
nals from the signal sensors 5L, 5R to output pulse 
signals in register with these rising edges as shown 
in Figs. 2D and 2E. The pulse signals from the first 
and second edge detection circuits 15, 16 are 
supplied to a distance calculating circuit 18 and left 
and right ear time difference detection circuit 19. 
The third edge detection circuit 17 detects a rising 
edge of the ultrasonic signal from the ultrasonic 
signal generator 12 to output a pulse signal in 
register with the rising edge, as shown in Fig. 2F. 
The pulse signal produced by the third edge de- 
tecting circuit 17 is supplied to the distance cal- 
culating circuit 18. 

The distance calculating circuit 18 detects a 
time difference ti between a pulse signal produced 
by the third edge detection circuit 17 and a pulse 
signal producing by the first edge detection circuit 
15, shown by ATi in Fig. 2, and a time difference 
t2 between a pulse signal produced by the third 
edge detection circuit 17 and a pulse signal pro- 
duced by the second edge detection circuit 16. 
shown by AT2 in Fig. 2. The circuit 18 then cal- 
culates, on the basis of the time difference ti and 
t2 and the sound velocity V, the distance lo be- 
tween the ultrasonic speaker 13 and the center of 
the listener's head M, as shown by an arrow lo is 
Fig. 3. 

Meanwhile, the sound velocity V may be set 
previously as a constant, or may be adapted to be 
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changed as a function of fluctuations in atmospher- 
ic temperature or pressure, or humidity. In calculat- 
ing the distance li corrections may be made on 
the basis of the relative disposition between the 

5 signal sensors 5L, 5R and the center of the lis- 
tener's head M and/or the size or shape of the 
listener's head M. 

The signals for the distance to and the time 
differences ti and iz are supplied to a transmission 

10 characteristics calculating circuit 20. 

The left and right ear time difference detection 
circuit 19 detects a time difference ta between the 
pulse signal of the first edge detection circuit 15 
and the pulse signal of the second edge detection 

76 circuit 15, as shown by AT3 in Fig. 2. A signal for 
the time difference ta is transmitted to the trans- 
mission characteristics calculating circuit 20. 

The transmission characteristics calculating cir- 
cuit 20 calculates, using the time differences ti , ta 

20 and ta, distance to, sound velocity V and a radius r 
of the head M, an angle flo, which stands for 
orientation of the head M, as shown by an arrow Bo 
in Fig. 3. The angle Oo may be found from, for 
example, 

25 

00 sin-i {V2(t^ - t2)t3/4ri} (1) 

The calculating circuit 20 calculates, from the in- 
formation concerning the angle do and the distance 

30 to, indicating the relative disposition between the 
position of the ultrasonic speaker 1 3 as a reference 
position of an imaginary sound source and the 
listener's head M, a rotational angle $ of the head 
M relative to the desired imaginary sound source 

35 position and a relative distance i of the head M 
from the imaginary sound source, to find transmis- 
sion characteristics in which directivity or the like of 
the desired imaginary sound source is taken into 
consideration. 

40 The transmission characteristics information, 

which is obtained by the calculating circuit 20 and 
in which directivity or the like of the imaginary 
sound source in taken into consideration is sup- 
plied to an acoustic signal processing circuit 21. 

45 To the headphone units 2L and 2R, left and 

right channel acoustic signals Sl and Sr, outputted 
from the acoustic signal supply source 22, are 
supplied from the acoustic signal 21 by means of a 
pair of amplifiers 23L, 23R, respectively. 

50 The above mentioned acoustic signal supply 

source 22 may be any of a variety of recorded disc 
reproducing apparatus, recorded tape reproducing 
apparatus or an electrical wave receiver, for exam- 
ple, adapted for outputting left and right channel 

55 acoustic signals Sl and Sr acoustic signals Sl and 
Sr, respectively. 

The acoustic signal processing circuit 21 is 
adapted for processing the left and right channel 

5 
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acoustic signals Sl and Sr transmitted from the 
acoustic signal supply source 22, and is provided 
with first 'tcTfoUfth signal processing sections 24a, 
24b, 24c and 24d, supplied with a transmission 
characteristics information which takes the direc- 
tivity or the like of the imaginary sound source, 
obtained by the transmission" characteristics cal- 
culating circuit 20, into account. In each of these 
signal processing sections, an impulse response is 
set, which* is an expression of transmission char- 
acteristics to the listener's right and left ears when 
the left and right channel acoustic signals Sl, Sr 
are to be reproduced, on the basis of the above 
mentioned transmission characteristics information, 
with the left and right channel speaker, apparatus 
disposed ahead of the listener at a distance from 
each other, as the imaginary sound source. 

That is. in the signal processing section 24a. 
an impulse response {hRR(t, e)} is set, which is an 
expression of transmission characteristics to the 
listener's right ear of an acoustic sound reproduced 
from the right channel acoustic signal Sr. In the 
second signal processing section 24b. an impulse 
response {hRL(t, $)} is set, which is an expression 
of transmission characteristics to the left ear of an 
acoustic sound reproduced from the right channel 
acoustic signal Sr. In the third signal processing 
section 24c, an impulse response {hLR(t. e)} is set, 
which is an expression of transmission characteris- 
tics to the right ear of an acoustic sound repro- 
duced from the left channel acoustic signal Sl. 
Finally, in the fourth signal processing section 24d, 
an impulse response is set, which is an expression 
of transmission characteristics to the left ear of an 
acoustic sound reproduced from the left channel 
acoustic signals Sl- 

Meanwhile, these impulse responses may be 
preset in accordance with transmission characteris- 
tics, which take the directivity or the like of the 
imaginary sound source into consideration, and 
may then be stored in a memory, such as a ROM, 
so as to be read out in accordance with a readout 
address determined by the distance I and the 
angle v. 

In the acoustic signal processing circuit 21, the 
right channel acoustic signal Sr is transmitted to 
the first and second signal processing sections 
24a, 24b. In the first signal processing section 24a, 
the right channel acoustic signal Sr is processed 
by convolutional Integration of the impulse re- 
sponse {hRR(t. e)}. On the other hand, in the sec- 
ond signal processing section 24b, the right chan- 
nel acoustic signal Sr is processed by con- 
volutional integration of the impulse response {hRL- 
(l. e)}. 

The left channel acoustic signal Sl is transmit- 
ted to the third and fourth signal processing sec- 
tions 24c, 24d. In the third signal processing sec- 



tion 24c, the left channel acoustic signal Sl is 
processed by convolutional integration of the im- 
pulse response {hLR(t, fl)}. On the other hand, in 
the second signal processing section 24d, the left 
5 channel acoustic signal Sl is propessed by con- 
volutional integration of the impulse response Sl- 

The output signal of the first signal processing 
section 24a and the third signal processing section 
24c are summed together by a right channel adder 

10 25R. The output of the right channel adder 25R is 
transmitted via right channel amplifier 23R to the 
right channel headphone unit 2R of the headphone 
apparatus so as to be reproduced as right channel 
acoustic signals Er. 

IS The output signals of the second signal pro- 

cessing section 24b and the fourth signal process- 
ing section 24d are summed together by a left 
channel adder 25L. The output signal of the left 
channel adder 25L is transmitted via left channel 

20 amplifier 23L to the left channel headphone unit 2L 
of the headphone apparatus 10 so as to be repro- 
duced as left channel acoustic signal El. 

With the above described acoustic signal re- 
producing apparatus of the present invention, the 

25 position of a rotational angle $ of the head M 
relative to the desired imaginary sound source po- 
sition and the relative distance i of the head from 
the imaginary sound source are calculated from the 
information concerning the above mentioned angle 

30 do and the distance to indicating the relative dis- 
position between the listener's head M and the 
position of the ultrasonic speaker 13 as the refer- 
ence position of the imaginary sound source to find 
the transmission characteristics which take the di- 

35 rectlvity or the like of the desired imaginary sound 
source into consideration and, on the basis of the 
information concerning the transmission character- 
istics, the left and right channel acoustic signals Sl 
and Sr are processed on the real time basis. Thus, 

40 with the present acoustic signal processing appara- 
tus, by signal processing designed to cope with 
changes in transmission characteristics brought 
about by the listener's bodily movement and turn- 
ing of the head M, a stationary external sound 

45 source position feeling and a stationary forward 
sound source feeling similar to those when the 
acoustic signals are reproduced by a pair of speak- 
er devices SL and SR disposed on the front side of 
and in opposition to the user at a distance from 

50 each other, as shown for example in Figs. 4A, 4B 
and 4C showing the relative disposition between 
the imaginary sound source and the listener, may 
be produced. 

Fig. 4B shows the state in which a listener P 

55 has approached the imaginary sound source from 
the state in which he is disposed with respect to 
the speaker devices SL, SR, that is the imagirvd-y 
sound source as shown in Fig, 4A, and Fig. 4C 



6 



<EP 0661906A1 I > 



« 



9 EP 0 

shows the state in which the listener P has turned 
his head M towards the right speaker device SR. 
With the acoustic signal reproducing apparatus of 
the present invention, by signal processing de- 
signed to cope with changes in transmission char- 
acteristics caused by the listener's bodily move- 
ment and head rotation on the real time basis, as 
described hereinabove, a good stationary external 
sound source position feeling and a good forward 
stationary sound source feeling may be had, in 
which the imaginary sound source is not moved, so 
that binaural reproduction which may cope with any 
of the states shown in Figs. 4A, 4B or 4C may be 
achieved. 

The headphone apparatus according to the 
present invention is not limited to the above de- 
scribed type which is provided with a pair of head- 
phone units 2L, 2R supported by the head band 1 , 
but may also be of the type which is provided with 
a main headphone body similar in shape to a 
helmet worn by racers or pilots. 

The basic construction of the above described 
headphone apparatus 10, employed in the acoustic 
signal reproducing apparatus of the present em- 
bodiment, includes an acoustic tube 31 , constituted 
by a headphone unit casing, and a speaker unit 32 
provided on the inner peripheral surface of the 
acoustic tube 31, as shown in Fig, 5, in which 
components for one channel of the headphone unit 
2L or 2R illustrated. 

The acoustic tube 31 has an Inner diameter W 
approximately equal to the inner diameter of an 
external auditory miatus A. The acoustic tube 31 is 
an elongated tubular member having a uniform 
inner diameter W and has its one opening end 31 
fitted with an auricle attachment part and its other 
opening end formed as a non-reflective terminal. 

The auricle attachment section 33 Is formed of 
elastic synthetic resin and has a reduced thickness 
towards to distal end. The auricle attachment sec- 
tion 33 is attached in position with the distal end 
introduced into an inlet C of the external auditory 
miatus A. 

Meanwhile, the auricle attachment section 33 
has an inner diameter Wi approximately equal to 
the inner diameter W of the acoustic tube 31. that 
is, the inner diameter Wo of the external auditory 
miatus A. 

The above mentioned speaker unit 32 is at- 
tached to the acoustic tube 31 so that its sound 
radiating surface 32a is flush with the inner periph- 
eral surface of the acoustic tube 31 and faces the 
interior of the tube 31. 

In this manner, the speaker unit 32 is attached 
to the acoustic tube 31 with the sound radiating 
surface 32a substantially flush with the inner pe- 
riphery of the acoustic tube 31 so as not to disturb 
acoustic characteristics of the acoustic tube 31. 



BNSDOCID: <EP 0661906A1 I > 



661 906 A1 10 

When the acoustic tube 31 is attached with the 
distal end of the auricle attachment section 33 
introduced into the inlet C of the external auditory 
miatus A, a continuous sound duct with a constant 

s acoustic impedance is formed from the tympanic 
membrane B within the external auditory miatus A 
as for as the non-reflective opening end 31b of the 
acoustic tube 31 , 

Thus a voice output from the speaker unit 32 is 

10 not reflected while it is propagated via acoustic 
tube 31 towards the external auditory miatus A, 
whereas the sound reflected by the tympanic 
membrane B is not reflected while it Is propagated 
from the external auditory miatus A towards the 

75 acoustic tube 31 . 

Moreover, since the opening end 31b is de- 
signed as a non-reflective terminal end for acoustic 
sound, the voice output propagated to the acoustic 
tube 31 from the speaker unit 32 or the reflected 

20 sound from the external auditory miatus A is not 
reflected at the opening end 31b. Since the re- 
flected sound from the tympanic membrane B is 
not reflected at the speaker unit 32 so as to be 
repropagated towards the external auditory miatus 

25 A, a forward stationary external sound source feel- 
ing by binaural reproduction may be achieved. 

With the above described headphone appara- 
tus 10 of the present invention, a pair of signal 
sensor means, each supported by supporting 

30. means at a position spaced from the main head- 
phone body attached to the listener's head, are 
adapted for sensing a signal Indicating the turning 
angle of the listener*s head relative to the sound 
source, so that the information concerning the turn- 

35 ing angle of the listener's head may be detected 
promptly, accurately and stably by the signal sen- 
sor means. The output of the signal sensor means 
may be used as the information concerning the 
turning angle of the listener's head which is re- 

40 quired for binaural reproduction of acoustic signals. 

Thus the present invention provides a head- 
phone apparatus which may be attached to a lis- 
tener's mobile head to achieve a stable binaural 
reproduction. 

45 The acoustic signal reproducing apparatus of 

the present invention calculates, by processing 
means, the transmission characteristics with re- 
spect to an arbitrary imaginary sound source, from 
the distance and the turning angle of the listener's 

50 head with respect to the reference position of the 
imaginary sound source as the reference signal 
source, on the basis of the output signal of a pair 
of signal sensors sensing the position-detecting 
reference signal transmitted from the reference sig- 

55 nal source. The left and right channel acoustic 
signals are processed by acoustic signal process- 
ing means, on the basis of the transmission char- 
acteristics calculated by the processing means. 

7 
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and the thus processed acoustic signals are sup- 
plied to the headphone apparatus, so that binaural 
reproduction may be perfornned in such a nnanner 
that a highly spontaneous stationary sound image 
position feeling may be obtained, in which the 
imaginary sound source position is not moved even 
if the listener should shift his position. 

By referring to Fig. 6, a second embodiment of 
the acoustic signal reproducing apparatus of the 
present invention will be explained. 

Similarly to the above described first embodi- 
ment, the acoustic signal reproducing apparatus 
shown in Fig. 6 is provided with a headphone 
apparatus 40 which is attached to a listener's head 
M by a head band 41 and which is adapted for 
supporting a pair of headphone units 42L, 42R in 
the vicinity of the listener's left and right auricles. 

Sliders 44L, 44R on which supporting arms 
43L, 43R are mounted upstandingly. are slidably 
mounted on the head band 41 , and a pair of signal 
sensors 45L. 45R, adapt ed for sens ing position- 
detecting reference signals, transmitted from a ref- 
erence signal source 51, are provided at the distal 
ends of the supporting arms 43L. 43R. The signal 
sensors 45L, 45R, provided a the distal ends of the 
supporting arms 43L. 43R protuberantly formed on 
sliders 44U 44R slidably mounted on the head 
band 41 , are supported in this manner at the posi- 
tions spaced from the head band 41 and the head- 
phone units 42L, 42R. that is the main headphone 
body. 

The reference signal source 51 is constituted 
by an ultrasonic signal source 52 and an ultrasonic 
53 adapted for transmitting ultrasonic signals from 
the ultrasonic signal source 42 as reference sig- 
nals. Ultrasonic microphones are used as the signal 
sensors 45L, 45R sensing the reference signals. 

The ultrasonic waves transmitted from the ul- 
trasonic speaker 13, that is the position-detecting 
reference signals, are ultrasonic waves adapted to 
enable phase detection, such as burst waves, in 
which ultrasonic waves of a predetermined level 
are intermittently transmitted at a predetermined 
time interval, as in the above described first em- 
bodiment, or a so-called level modulated wave, in 
which the signal level is fluctuated in a predeter- 
mined manner at a predetermined period. 

The signal sensors 45L, 45R, provided at the 
headphone device 10, sense the position-detecting 
ultrasonic reference signals, transmitted from the 
ultrasonic speaker 53, to output detection signals 
having time delay corresponding to the relative 
position between the listener and the ultrasonic 
speaker 53. 

The output signals from the signal sensors 45L, 
45R are supplied to a processing device 54. 

The processing device 54 includes a level de- 
tection circuit 15. supplied with output signals from 



the signal sensors 45L, 45R sensing the position- 
detecting reference signals, first and second edge 
detection circuits 56, 57, and a third edge detection 
circuit 58, supplied with ultrasonic signals from the 

5 ultrasonic signal source 52, that is the above men- 
tioned position-detecting reference signals. 

The level detection circuit 55 compares the 
signal level of the output signal from each of the 
signal sensors 45L, 45R to a reference level, and 

10 outputs to a control circuit 59 an output signal 
which goes high, for example, when the signal level 
of at least one of the output ^signals falls below the 
reference level. The control circuit 49 is responsive 
to the output signal from the level detection circuit 

16 55, which indicates by a logical high ("H") state 
that the signal level of at least one of the output 
signals has become lower than the reference sig- 
nal, so as to supply a hold control signal to an 
acoustic signal processing circuit 63. which will be 

20 explained subsequently. 

On the other hand, the first and second edge 
detection circuits 56, 57 detect the falling edges of 
the output signals of the signal sensors 45L, 45R to 
output pulse signals in register with the rising 

25 edges, as in the above described first embodiment. 
The pulse signals from the first and second edge 
detection circuits 56, 57 are supplied to a distance 
calculating circuit 60 and to_aJeft_aod right ear time 
difference detection circuit 61 . The thir d edge de- 

30 tection circuit 68 detects the rising ed ges of the 
ultrasonic signal from the ultrasonic signal source 
52 to output pulse signals in register with the 
above mentioned rising edges. The pulse signals 
obtained by the third edge detection circuit 58 are 

35 supplied to the distance calculating circuit 60. 

The distance calculating circuit 60 detects a 
time difference ti between the pulse signal ob- 
tained by the third edge detection circuit 58 and 
the pulse signal obtained by the third edge detec- 

40 tion circuit 56, and a time difference t2 between the 
pulse signal obtained by the third edge detection 
circuit 58 and the pulse signal obtained by the first 
edge detection circuit 57. The calculating circuit 
calculates a distance lo between the ultrasonic 

45 speaker 53 and the center of the listener's head M 
on the basis of the time differences ti and t2 and 
the sound velocity V. 

The signals which stand for the distance to 
and the time differences ti . ta are transmitted to a 

50 transmission characteristics calculating circuit 62. 

The left and right ear time difference detection 
circuit 60 detects a time difference ts between the 
pulse signal produced by the first edge detection 
circuit 56 and the pulse signal produced by the 

55 second edge detection circuit 57. A signal which 
stands for the time difference ta Is transmitted to 
the transmission characteristics calculating circuit 
62. 
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Similarly to the calculating circuit 20 of the first 
embodiment, the transmission characteristics cal- 
culating circuit 62 calculates, from the time differ- 
ences ti , t2 and t3, distance lo, sound velocity V 
and the radius of the head M, in accordance with 
the above formula 1. 

The transmission characteristics calculating cir- 
cuit 62 calculates, using the time differences ti , t2 
and ta, distance to, sound velocity V and a radius r 
of the head M, an angle 0o, which stands for the 
orientation of the head M, similarly to the transmis- 
sion characteristics calculating circuit 20 of the 
preceding embodiment, in accordance with the 
above formula 1. The calculating circuit 62 cal- 
culates, from the information concerning the angle 
Oo and the distance io, indicating the relative dis- 
position between the position of the ultrasonic 
speaker 53 as a reference position of an imaginary 
sound source and the listener's head M, a rota- 
tional angle e of the head M relative to the desired 
imaginary sound source position and a relative 
distance I of the head M from the imaginary sound 
source, to find transmission characteristics in which 
directivity or the like of the desired imaginary 
sound source is taken into consideration. 

The transmission characteristics information, 
which is obtained by the calculating circuit 62 and 
in which directivity or the like of the imaginary 
sound source is taken into consideration, is sup- 
plied to an acoustic signal processing circuit 63. 

To the headphone units 42L and 42R, left and 
right channel acoustic signals Su and Sr, outputted 
from the acoustic signal supply source 64, are 
supplied from the acoustic signal processing circuit 
63 by means of a pair of amplifiers 65L, 65R, 
respectively. 

The above mentioned acoustic signal supply 
source 64 may be any of a variety of recorded disc 
reproducing apparatus, recorded tape reproducing 
apparatus or an electrical wave receiver, for exam- 
ple, adapted for outputting left and right channel 
acoustic signals St and Sr acoustic signals Sl and 
Sr, respectively. 

The acoustic signal processing circuit 63 is 
adapted for processing the left and right channel 
acoustic signals Sl and Sr transmitted from the 
acoustic signal supply source 64, and is provided 
with first to fourth signal processing sections 66a, 
66b. 66c and 66d supplied with a transmission 
characteristics Information which takes the direc- 
tivity or the like of the Imaginary sound source, 
obtained by the transmission characteristics cal- 
culating circuit 62, into account. In each of these 
signal processing sections, an impulse response Is 
set, which is an expression of transmission char- 
acteristics to the listener's right and left ears when 
the left and right channel acoustic signals Sl, Sr 
are to be reproduced, on the basis of the above 
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mentioned transmission characteristics information 
with the left and right channel speaker apparatus, 
disposed ahead of the listener at a distance from 
each other, as the imaginary sound source. 

5 That is, in the first signal processing section 

66a, an impulse response {hRR(t, $)} is set, which 
is an expression of transmission characteristics to 
the listener's right ear of an acoustic sound repro- 
duced from the right channel acoustic signal Sr. In 

10 the second signal processing section 66b, an im- 
pulse response {hRL(t. 0)} is set, which is an ex- 
pression of transmission characteristics to the left 
ear of an acoustic sound reproduced from the right 
channel acoustic signal Sr. In the third signal pro- 

75 cessing section 66c, an impulse response {hLR(t, 
$)} is set, which is an expression of transmission 
characteristics to the right ear of an acoustic sound 
reproduced from the left channel acoustic signal 
Sl- Finally, in the fourth signal processing section 

20 66d, an impulse response is set, which is an ex- 
pression of transmission characteristics to the left 
ear of an acoustic sound reproduced from the left 
channel acoustic signals Sl. 

In the acoustic signal processing circuit 63, the 

25 right channel acoustic signal Sr is transmitted to 
the first and second signal processing sections 
66a, 66b. In the first signal processing section 66a, 
the right channel acoustic signal Sr is processed 
by convolutional integration of the Impulse re- 

30 sponse {hRR(t, d)}. On the other hand, in the sec- 
ond signal processing section 66b, the right chan- 
nel acoustic signal Sr is processed by con- 
volutional integration of the impulse response {hpL- 

35 The left channel acoustic signal Sl is transmit- 

ted to the third and fourth signal processing sec- 
tions 66c, 66d. In the third signal processing sec- 
tion 66c, the left channel acoustic signal Sl is 
processed by convolutional integration of the im- 
40 pulse response {hLR(t, $)}. On the other hand, in 
the second signal processing section 66d, the left 
channel acoustic signal Sl is processed by con- 
volutional integration of the impulse response Sl- 
The output signal of the first signal processing 
45 section 66a and the third signal processing section 
66c are summed together by a right channel adder 
67R. The output of the right channel adder 67R is 
transmitted via right channel amplifier 65R to the 
right channel headphone unit 42R of the head- 
so phone device 40 so as to be reproduced as right 
channel acoustic signals Er. 

The output signals of the second signal pro- 
cessing section 66b and the fourth signal process- 
ing section 66d are summed together by a left 
56 channel adder 67L. The output signal of the left 
channel adder 67L is transmitted via left channel 
amplifier 67L to the left channel headphone unit 
42L of the headphone device 40 so as to be 

9 





1 ' I 



15 



EP 0 661 906 A1 



16 



reproduced as left channel acoustic signals El. 

With the above described acoustic signal re- 
producing apparatus of the present invention, the 
position of a rotational angle $ of the head M 
relative to the desired imaginary sound source po- 5 
sition and the relative distance i of the head from 
the imaginary sound source are calculated from the 
information concerning the above mentioned angle 
do and the distance to indicating the relative dis- 
position between the listener's head M and the io 
position of the ultrasonic speaker 53 as the refer- 
ence position of the imaginary sound source to find 
the transmission characteristics which take the di- 
rectivity or the like of the desired imaginary sound 
source into consideration and, on the basis of the 76 
basis of the information concerning the transmis- 
sion characteristics, the left and right channel 
acoustic signals Sl and Sr are processed on the 
real time basis. Thus, with the present acoustic 
signal processing apparatus, by signal processing 20 
designed to cope with changes in transmission 
characteristics brought about by the listener's bodi- 
ly movement and turning of the head M, a station- 
ary eternal sound source position feeling and a 
stationary forward sound source feeling simitar to 25 
those when the acoustic signals are reproduced by 
a pair of speaker devices Sl and Sr disposed on 
the front side of and in opposition to the user at a 
distance from each other, may be produced, as in 
the above described first embodiment. 30 

The acoustic signal processing circuit 63 is 
responsive to the hold control signal from the con- 
trol circuit 59, as long as the output signal from the 
level sensor 55 is logically high "H", to hold pro- 
cessing coefficients of the signal processing sec- 35 
tions 66a. 66b. 66c and 66d at those values which 
prevailed just before the output signal of the level 
detection circuit 55 becomes logically high "H". 

It is noted that, as long as the signal level of at 
least one of the output signals from the signal 4o 
sensors 45L, 45R is lower than the above men- 
tioned reference level, the edge detecting operation 
by the first and second edge detection circuits 56, 
57 in the processing device 54 of detecting the 
edges of the output signals of the signal sensors 45 
45L, 45R, is not performed in a regular manner, os 
that correct transmission characteristics information 
cannot be obtained by the transmission character- 
istics calculating circuit 62. Therefore, if. in the 
state in which the signal level of at least one of the so 
output signals of the signal sensors 45L. 45R is 
lower than the above mentioned reference level, 
the acoustic signals Sl, Sr for each of the channels 
are processed by the processing circuit 63, on the 
basis of the transmission characteristics information 55 
produced by the transmission characteristics cal- 
culating circuit 62, a noise will be outputted as an 
acoustic signal of each of the headphone units 42L, 



42R. 

With the acoustic signal reproducing apparatus 
of the present second embodiment, since the pro- 
cessing coefficients of the signal processing sec- 
tions 66a, 66b, 66c and 66d of the acoustic signal 
processing circuit 63 are held, during the time 
when the detection output of the level detection 
circuit 55 is logically high "H", at those values 
which prevailed immediately after the detection 
output of the level detection circuit 55 becomes 
logically high "H", there is not fear that a noise be 
outputted as an acoustic output by the headphone 
units 42L and 42R. 

Instead of holding the processing coefficients 
of the signal processing sections 66a, 66b, 66c and 
66d, a control signal for muting the acoustic signals 
El, Er of each channel supplied to the headphone 
units 42L, 42R may be supplied from the control 
circuit 59 to the acoustic signal processing circuit 
63, 

Also a control signal for mixing the acoustic 
signals of each channel El. Er, supplied to the 
headphone units 42L, 42R during the time when 
the detection output of the level detection output is 
logically high "H", with an alarm signal, may be 
supplied from the control circuit 59 to the acoustic 
signal processing circuit 63 to prompt the use 
within the range of not producing the alarm signal. 

With the above described acoustic signal re- 
producing apparatus of the present invention, trans- 
mission characteristics with respect to an imaginary 
sound source are found on the basis of output 
signals of a pair of signal sensors sensing the 
position-detecting reference signals transmitted 
from the reference signal source, and the informa- 
tion which stands for the above mentioned trans- 
mission characteristics is applied to the acoustic 
signal processing means, in which the left and right 
channel acoustic signals are processed on the ba- 
sis of the transmission characteristics found by the 
processing means, and the thus processed acous- 
tic signals are supplied to the headphone device. In 
this manner, highly satisfactory binaural reproduc- 
tion may be achieved in which an extremely spon- 
taneous fixed sound image feeling may be had, in 
which the imaginary sound source position is not 
moved even when the listener should make bodily 
movements. 

On the other hand, it is detected by level 
detection means that the detection level of at least 
one of the signal sensors has become lower than 
the reference level, and the acoustic signals sup- 
plied to the headphone device are controlled by 
control means on the basis of a detection output of 
the level detection means. Thus it becomes possi- 
ble to prevent an undesirable noise from being 
outputted from the headphone apparatus when the 
detection level of at least one of the signal sensors 
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becomes lower than the reference level so that the 
transmission characteristics as found by the pro- 
cessing means are not correct. 

Thus the present invention provides a head- 
phone device in which stable binaural reproduction 5 
may be achieved when attached to a listener's 
mobile head. 



Claims 

10 

1. A headphone device (10) comprising a pair of 
headphone units (2L. 2R) supplied with acous- 
tic signals from an acoustic signal source com- 
prising 

a main headphone body (1) comprising said is 
pair of headphone units (2L, 2R) and a con- 
necting part interconnecting said headphone 
units at least two signal sensor means (5L, 5R) 
for receiving signals for detecting the head 
turning angle information transmitted from a 20 
reference signal source (1 1 ), and 
supporting means (3L, 3R) for supporting said 
signal sensor means (5L. 5R) so that, when 
said main headphone body (1) is attached to 
the listener's head, said signal sensor means 25 
(5L, 5R) are disposed on left and right sides of 
the center of said main headphone body (1), 
and so that said signal sensor means (5L, 5R) 
are disposed at positions spaced from said 
main headphone body (1), 30 
said signal sensor means (5L, 5R) being at- 
tached to said main headphone body (1) by 
means of said supporting means (3L. 3R). 



2. The headphone device according to claim 1 , 35 
further comprising a slider (4L, 4R) slidably 
mounted on said connecting part, said support- 
ing means (3L, 3R) being attached to said 
slider (4L, 4R). 



3. The headphone device according to claim 1, 
wherein said supporting means (3L, 3R) is 
mounted on a housing of said headphone unit 
(2L, 2R). 

4. The headphone device according to claim 1, 
wherein said supporting means (3L, 3R) are 
pivotally supported with the proximal portion 
thereof as a fulcrum. 
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